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RF SEAL RING STUCTURE 
BACKGROUND OF THE INVENTION 

( 1 ) Field of the Invention 

The invention generally relates to an encapsulation process used in semiconductor 
manufacturing and, more particularly, to a method of encapsulation that improves 
isolation of radio frequency (RF) signals in the fabrication of integrated circuits. 

(2) Description of Prior Art 

As integrated circuit (IC) speeds increase, seal rings have been incorporated into 
the device encapsulation in order to reduce radio frequency (RF) interference and signal 
cross coupling. The seal ring is grounded or connected to a signal ground such as a DC 
voltage supply line to reduce interference. In some cases, the seal ring may be part of the 
device packaging scheme, where a conductive lid is typically connected to the seal ring. 
Specific to this invention, the seal ring may be incorporated into the IC fabrication and 
may include a conductive covering over the substrate. 

Fig. 1 shows a top view of an IC die 20 where a seal ring 22 is incorporated. The 
seal ring 22 is typically composed of one or more interconnected layers of conductive 
metal. A plurality of bonding pads 24 are shown which may be either signal inputs or 
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outputs, or DC voltage supply and ground. A portion of the circuit containing RF circuits 
26 is shown. One problem with this method is that signals from the bonding pads 24 
may be capacitively coupled to the seal ring 22. This may result in unwanted signal 
interference appearing at one of the signal input or output bonding pads 24. In addition, 
interference may be coupled between the seal ring 22 and the RF circuit 26 resulting in 
signal distortion. 

One solution is to create breaks in the seal ring to prevent propagation of the 
signals in the seal ring. Unfortunately, this results in a problem when water is used for 
cooling in dicing the die from the wafer. Hydrogen and hydroxide ions attack the low K 
material in the seal ring breaks, resulting in contamination to the IC structure. For 
instance, fluorine in fluorinated silicate glass (FSG) will react with water to form 
hydrogen fluoride, which will erode metal. A second solution is to increase the distance 
from the seal ring to the bond pads and IC circuitry. This results in an increase in die 
area, thereby reducing device throughput. 

Other approaches employing seal rings exist. U.S. Patent 5,717,245 to Pedder 
teaches a system using a dielectric multi-layer substrate where RF interference is reduced 
by grounding certain areas and encapsulating the substrate within a conductive seal ring. 
U.S. Patent 6,028,497 to Allen et al. teaches a system where RF signals are passed 
through a network of holes in the base plate of the module. The holes each consist of a 
conductive pin surrounded by, but electrically isolated from, a conductive cylindrical 
shroud, thereby forming a coaxial connection. A compartmentalized seal ring attached to 
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the top of the module segregates different circuit areas of the module. U.S. Patents 
5,864,092 and 6,105,226 to Gore et aL teach methods employing a leadless chip carrier 
package where a grounded conductor protrudes between input and output signal pads 
thereby preventing interference. U.S. Patent 5,998,245 to Yu teaches a method where 
ESD protection is incorporated into a seal ring structure on an IC die. U.S. Patent 
6,028,347 to Sauber et aL teaches a method where a portion of the seal ring is formed in 
trenches in the semiconductor surface. An encapsulating plastic covering over the 
surface fills the trenches thereby preventing movement of the cover and reducing stresses 
due to thermal expansion. U.S. Patent 5,185,654 to Mosher et aL teaches a method using 
a circuit carrier to encapsulate a circuit while absorbing RF and hi- voltage electro static 
discharge (ESD) signals. U.S. Patent 4,868,716 to Taylor et al. teaches a method using a 
pin grid assembly with a back plane to encapsulate circuit modules and prevent RF 
propagation between modules. U.S. Patent 6,180,876 Bl to Holmes teaches a method 
using grounded conductive partitions on a circuit board to isolate different circuitry. 



SUMMARY OF THE INVENTION 

A principal object of the present invention is to provide a method that attenuates 
RF signals as those signals propagate through the seal ring in an integrated circuit. 

Another object of the present invention is to provide a method that reduces cross 
coupling between circuits in an integrated circuit. 
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Another object of the present invention is to provide a method that prevents 
humidity intrusion in an integrated circuit. 

Another object of the present invention is to provide a method that prevents low K 
material process issues due to water contamination. 

Another object of the present invention is to provide a method that prevents stress 
propagation resulting from die sawing. 

Another object of the present invention is to provide a seal ring device that 
attenuates RF signals as those signals propagate through the seal ring in an integrated 
circuit. 

Another object of the present invention is to provide a seal ring device that 
reduces cross coupling between circuits in an integrated circuit. 

These objects are achieved by using a method where a seal ring is formed by 
stacking interconnected metal layers along the perimeter of the integrated circuit (IC). 
The seal ring is formed using a chain with two distinct widths, each of which forms a 
transmission having a characteristic impedance. Because of the impedance mismatch 
between the sections of the seal ring transmission lines, only a portion of each RF signal 
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is propagated through the seal ring discontinuity while the remainder is reflected. As the 
signal passes through multiple mismatches, it is further attenuated. 



BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings forming a material part of this description, there is 

shown: 

Fig. 1 schematically illustrating a top view cross-sectional representation of a 
prior art example employing seal rings; 

Fig. 2 schematically illustrating a cross-sectional representation of a method of 
forming a seal ring; 

Fig. 3 schematically illustrating a top view of an embodiment of the present 
invention; 

Fig. 4a and 4b schematically illustrating in cross-sectional representation one 
embodiment of the present invention; and 

Fig. 5a and 5b schematically illustrating in cross-sectional representation a second 
embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention uses a method where a seal ring having two distinct widths 
is formed along the perimeter of the integrated circuit (IC). One method of fabricating 
the seal ring is provided, however the important feature of the present invention is the 
two widths of the seal ring sections. 

Refer to Fig. 2, depicting in cross-section a typical seal ring 22 structure. A 
substrate 30 is provided. The substrate layer 30 may contain underlying layers, devices, 
junctions, and other structures (not shown) formed during process steps. The cut line 31 
represents the perimeter of the IC die of interest. During subsequent processing, the die 
will be separated along cut line 31 from an adjacent IC die (not shown) sharing the 
substrate 30. A deep N-well region 32 is formed as is conventional in the art. A p+ 
source/drain (S/D) region 34 is isolated from the remainder of the underlying circuitry 
(not shown) by shallow trench isolation 36. A silicide 38 is formed over the S/D region 
34 providing a low resistance connection to the S/D region 34. Contacts 40 through first 
interlevel dielectric layer 42 make electrical connection to the first conductive layer 44. 
Via layers 46a and 46b through dielectric layers 48a and 48b, respectively, make 
electrical contact to conductive layers 44 and 50, respectively. A top conductive layer 52 
is then provided. This is followed by a passivation layer 54 composed of USG oxide, for 
example. The seal ring 22 is composed of the conductive layers 44, 50 and 52 and via 
layers 46a and 46b. The combination of conductive layers 44, 50, and 52, oxide layers 48 
and vias 46 may be fabricated using a multi-step damascene process, for example. The 
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seal ring 22 makes electrical contact to the deep N-well 32 via contact 40, silicide 38 and 
S/D region 24. A nitride layer 56 is then conformally deposited over the passivation 
layer 54 and thereafter a polyimide layer 58 is deposited over the nitride layer. It will be 
understood by those skilled in the art that the number of conductive layers (three layers 
used in this example) is not critical to the invention. It may correspond to the number of 
conductive layers used in the device process and may be increased or decreased as 
necessary. 

When the completed IC is connected in a circuit, the deep N-well 32 is 
electrically connected to a positive supply voltage (V d d) thereby holding the deep N-well 
32 and seal ring 22 at signal ground. This minimizes signal coupling within the substrate 
30 and the S/D region 34. 

Refer now to Fig. 3 showing a top view of an integrated circuit 20 and seal ring 
22, depicting an important point of the present invention. Similar to the prior art of Fig. 
1, a plurality of bonding pads 24 are shown which may be either signal inputs or outputs, 
or DC voltage supply and ground. The bonding pads 24 are shown in typical positions 
near the outer edge of the IC die 20 and contained within the seal ring 22. A portion of 
the circuit containing RF circuits 26 is also depicted in a typical position within the seal 
ring 22. The seal ring 22 is placed along the perimeter of the IC die 20 and has two 
distinct widths (W y and W z ). Typical widths of the wider section (W y ) of the seal ring 22 
would be between about 1 um and 55 urn, while typical widths of the narrower seal ring 
22 sections (W z ) would be between about 0.5 urn and 50 um. Propagation of unwanted 
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signals within the improved seal ring 22 is prevented using a method based upon 
transmission line theory. Each distinct section of seal ring 22 has a characteristic 
impedance. The wider sections have a characteristic impedance Z y and the narrower 
sections have a different characteristic impedance Zz. As a signal propagates through the 
seal ring 22, it encounters the discontinuities in width. Each discontinuity has a reflection 
coefficient (T) given by: 

r^Zz-ZyVCZz + Zy). 

A fraction of the signal (T) is reflected at each discontinuity and the remainder (1-T) is 
passed to the next seal ring section. After N discontinuities the signal is attenuated by a 
factor of (l-r) N . If, for example, TMX2, after 31 discontinuities the signal would be 
approximately 0.1% of the original signal and therefore is virtually eliminated. The 
desired length of each transmission line would preferably be l A wavelength of the 
frequency of the interference. It would also be possible to use more than two widths of 
transmission line to create different impedances in each section. 

Refer to Fig. 4, depicting in cross-section one embodiment of the seal ring 
conductive layers described in Figs. 2 and 3. Shown in both Fig. 4a and 4b are a 
plurality of conductive layers 44, 50, and 52 separated by oxide layers 48a and 48b. The 
conductive layers 44, 50, and 52 are electrically connected by vias 46a and 46b. The 
conductive layers 44, 50, and 52 in Fig. 4a have width W y while the conductive layers 44, 
50, and 52 in Fig. 4b have width W z . The vias 46a and 46b have the same width W v 
between about 0. 1 \im and 1 jam. 



8 



TSMC-01-071 

Refer to Fig. 5, depicting in cross-section a second embodiment of the seal ring. 
This seal ring contact to the substrate is also similar in fabrication to the one described 
previously in Fig. 2 and is therefore omitted. Shown in both Fig. 5a and 5b are a plurality 
of conductive layers 44, 50, and 52 separated by oxide layers 48a and 48b. The 
conductive layers 44, 50, and 52 are electrically connected by vias 46a and 46b. The 
conductive layers 44, 50, and 52 in Fig. 5a have width W y while the conductive layers 44, 
50, and 52 in Fig. 5b have width W z . The vias 46 in this embodiment shown in Fig 5a 
and Fig. 5b have different widths W s and W t? respectively. W s is between about 1 jum and 
4 jxm, and W t is between about 0. 1 \xm and 2 |um. 

The present invention is achieved by using a method where a seal ring is formed 
by stacking interconnected conductive layers along the perimeter of the integrated circuit 
(IC). The seal ring is formed continuously around the IC perimeter using a conductive 
chain with two distinct widths. Each section of distinct width forms a transmission 
having a distinct characteristic impedance. Unwanted signals may be capacitively 
coupled to the seal ring from bond pads or from internal circuitry. Because of the 
impedance mismatch between the different width sections of the seal ring transmission 
lines, only a portion of each signal is propagated past each seal ring discontinuity while 
the remainder is reflected. As the signal passes through multiple discontinuities, it is 
further attenuated, reducing propagation of signals through the seal ring while 
maintaining a moisture barrier for the IC. 
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While the invention has been particularly shown and described with reference to 
the preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made without departing from the spirit and 
scope of the invention. 

What is claimed is: 
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